Abstract: This paper reports on a horizontal localization experiment using Danish consonant-vowel combinations (CVS) as target stimuli simultaneously masked by spatially diffuse speech noise. Results indicate that there is a significant difference of localization error means for non front-bad errors between the consonant groups of fricatives and stops.
INTRODUCTION
Numerous researchers have investigated to what degree we M humans are able to localize different sounds in the horizontal plane. Much of this work h~focused on our response to simple sounds, like pure tones, white noise and click trains. The underlying assumption being that responses to more complex stimuli could be inferred from a combination of responses to the simple stimuli.
It was decided to investigate this for speech segments.
Specifically, it was hypothesized that subjects would display a difference in localization ability for CVS containing some consonant groupsratherthanothers.
A number of Danish CVS were used aa target stimuli in a horizontal localization t=k. The CVS were simultaneously m~ked by a diffuse speech noise field. All subjects were normally hearing. The subjects were inked to determine from which clock position they heard a speaker, and to respond as f~t as possible by pressing the corresponding button on a clock face. One of the results found indicates that people's ability to loc~ize CVS containing stops differ from their ability to localize CVS containing fricatives.
METHOD
One factor within subjects design waa used. The independent variable w= the stimulus CV which had sixty different values. The two dependent variables were localization error metiured in degrees and reaction time memured in samples at a sampling rate of 1 kHz. The experimental hypothesis was w follows: Presence of some consonant groups in the stimuli have an influence on the dependent variables of localization error and reaction time. The task of the subjects ww to determine from which clock position they heard a speaker, and to respond as fast as possible by pressing the corresponding button on a response pad. Ten subjects with normal hearing were used in the experiment.
The target stimuli consisted of sixty Danish CVS recorded especially for the experiment.
The CVS were combined from fifteen Danish start consonants
/j/, /m/, /n/, /1/, /r/)~d four Danish vowels (/i/, /u/, /a/, /A/). To mask the target stimuli, a speech formed noise was chosen. The noise was made spatially diffuse in relation to the subject by presenting uncorrelated noise from dl loudspeaker directions simultaneously.
The signd-t~noise-ratios (SNfi) were determined for each subject through a small experiment in which the noise was kept at a constant total level and the The experiments took place in an anechoic chamber where the subjects were seated approximately in the center of the chamber w can be seen in figure 1 . The subject position W* inside a tent of very thin cotton. On the outside of the tent, eight spherical loudspeakers were suspended from an aluminum frame in the positions corresponding to O, 30, 90, 120, 180, -150, -90, and -60 degrees relative to the frontal position of the subjects, The prompting light was placed just below the loudspeaker at O degrees. The stimulus noise was generated from eight identical noise generators.
The target stimuli were played back by a PC through an Ariel DSP-16 TMS320C25 card to an attenuator followed by a switch box that made it possible to emit the CVS together with the noise to any of the eight channels through a summation box. The subjects responded by pressing one of twelve buttons on a response pad arranged in a circle. Two further buttons were placed at the side of the circle. These two buttons gave the subjects the options to indicate that they could not localize the stimulus or that they had not heard it. Before training started, subjects were instructed about the objective of the experiment, their task, what stimuli they would hear, how they should relate to the response pad, how they should judge the origin of the speech, how they would be prompted, the limitations of recording responses, the possibility for a break on request, the sequence of events and the decreasing speech level in the threshold experiment.
After training the subjects were given a slight pause, while after the threshold experiment and hdf way through the main experiment, subjects were given 10 minute breaks.
RESULTS AND DISCUSSION
Focusing on the results from the localization error first, it is clear that any front-back reversals will dominate quite heavily over non front-back errors due to the larger numeric sizes of the former. As a consequence, it w= decided to divide the localization error results into these two groups. Analysis of the front-back errors revealed no significant differences of means between the different consonant groups of stops, fricatives, nasals and approximants. If we switch to the non front-back errors, a significant difference between the means of the stops and the fricatives (t =2.29, p= O.022) can be observed, Closer analysis of the consonant material reveals that CVS containing /s/ and /n/ are significantly different from CVS containing /k/, /b/ and /r/. In order to be able to compare the results from the response time with the localization error results, the same division into front-back reversals and non front-back reversals was made. No significant differences were found between the different consonant groups or between the different vowel groups in either cme. Finally, the mean duration of the consonants in the CVS distributed over consonant groups turns out to be anti-correlated with the mean non front-back localization error distributed over consonant groups (r=-O.88). Also, there are significant differences in duration between the stops and all the other groups and between the nasals and the approximants. The results seem to indicate some support for the hypothesis that there is a difference in people's ability to localize speech in noise between different consonant groups, i.e. in terms of localization error for non front-back reversals between stops and fricatives.
One of the major overall differences between these two types of stimuli lies in the duration of them. In previous studies of horizontal localization using simple stimuli, it has been found that the duration of a sound has a some impact on people's ability to localize the sound (1, 2) . This would also seem to be the case for CVS containing stops and fricatives presented in speech noise. So in principle, the implicit assumption made for localization experiments with simple stimuli seems to hold at least for durations and for the particular analyzed dimensions of CVS. This paper only reports on some of the overall trends in the obtained data. Much more can and will be concluded at a later stage.
